Aimlbackground-Conflicting results have been reported concerning the prognostic value of DNA flow cytometric variables (DNA ploidy, DNA index, %S phase fraction) in breast cancer. Selection bias and differences in treatment may have contributed to these conflicting prognostic results. Differences in tissue processing, the number of nuclei measured, DNA histogram/cell cycle analysis, and intratumour heterogeneity may also have played a role. The aim ofthe present study was to assess intra-tumour heterogeneity of DNA flow cytometric variables in breast cancer. Methods-Fresh frozen specimens (n = 274) (0. Many studies have evaluated the prognostic value of DNA flow cytometry in breast cancer. DNA ploidy, the DNA index and the percentage of cells in S phase (%S phase fraction) were reported to provide prognostically important information by many authors.'-" Others, however, failed to show any prognostic value for these variables.' 1-6 Selection bias, the size of the patient cohorts studied and differences in treatment may have contributed to these conflicting prognostic results. Differences in tissue processing, the number of nuclei measured, DNA histogram/cell cycle analysis, and intratumour heterogeneity may also have played a role.
Aimlbackground-Conflicting results have been reported concerning the prognostic value of DNA flow cytometric variables (DNA ploidy, DNA index, %S phase fraction) in breast cancer. Selection bias and differences in treatment may have contributed to these conflicting prognostic results. Differences in tissue processing, the number of nuclei measured, DNA histogram/cell cycle analysis, and intratumour heterogeneity may also have played a role. The aim ofthe present study was to assess intra-tumour heterogeneity of DNA flow cytometric variables in breast cancer. Methods-Fresh frozen specimens (n = 274) (0.3 x 0.3 x 0.3 cm) of 17 breast cancers and 167 slices, 50 gm thick, of 58 paraffin wax embedded blocks of 21 breast cancers were studied. All samples were prepared individually for DNA flow cytometry. DNA histograms were interpreted by semi-automated cell cycle analysis (MultiCycle) by two observers to avoid biased interpretation. An artificial averaged DNA histogram of each case was composed to simulate a sample prepared from whole tumour tissue. Results-With regard to DNA ploidy, classified as diploid or aneuploid, the fresh frozen and paraffin wax embedded breast cancers showed intra-tumour heterogeneity in 53% and 38% of cases, respectively. For fresh frozen and paraffin wax embedded material, respectively, six samples had to be measured to detect the highest DNA ploidy class in 71% and 86% of cases. Averaged DNA histograms showed a loss of DNA aneuploidy in 36% and 6% of fresh frozen and paraffin wax embedded samples, respectively. High intra-tumour heterogeneity (wide ranges) was found for the %S phase fraction. Average %S phase fraction and average aneuploid %S phase fraction had the widest ranges at 9.5-31.6% and 0.0-62.7%, respectively. There was no correlation between the number of stemlines and intra-tumour %S phase variability on the one hand and tumour size and grade on the other.
Conclusion-High intra-tumour heterogeneity for breast cancer was found for DNA ploidy, the DNA index and %S phase fraction as measured by flow cytometry, which may explain the conflicting prognostic results reported in the literature. To detect aneuploid cells, six samples may have to be prepared and measured separately. Measurement of these variables may be more .84 g NaCl in 500 ml distilled water, 6.9 ml 37% HC1 in 800 ml distilled water; pH 7.6. Ten millilitres ofthis solution were added to 500 ml stock solution, which contained 580 mg spermine tetrahydrochloride. 
ANALYSIS OF DNA HISTOGRAMS
The MultiCycle program can separate Go/Gl, S and G2/M phases of up to three cell cycles in one DNA histogram. In previous studies'7 18 we have developed a protocol which produces highly reproducible intra-and inter-laboratory results. Briefly, background correction is applied with the sliced nuclei option. Zero order S phase is chosen and the G2/G1 ratio is not fixed. The first peak in the DNA histogram after the debris peak is defined as the GJ/G1 phase of the diploid cell cycle. If the G2/M phase of the diploid cell cycle contains more than 10% of the population, the histogram is re-analysed for two cell cycles, the second Go/Gl peak being in the tetraploid region. The first DNA index is defined, as usual, as the ratio between the channel numbers of the modes of the Go/Gl peaks of the second cell cycle and the first (diploid) cell cycle, the DNA index for a single cell cycle being 1.00. Analogously, the second DNA index is defined as the ratio between the channel numbers of the modes of the Go/Gl peaks of the third and first DNA ploidy was classified as diploid (presence of one cell cycle) or aneuploid (presence of at least one additional cell cycle).
ASSESSMENT OF HETEROGENEITY
Intra-tumour heterogeneity with regard to DNA ploidy was defined as the presence of DNA histograms with different ploidy classifications in different samples of the same tumour.
With regard to the DNA index, some variation is induced by the measuring and interpretation process. Therefore, a DNA index interval has to be defined inside which DNA indexes are assumed to represent the same stemline. Based on the results of a study by Benson and Braylan" on the sensitivity of detecting aneuploidy, this interval was, in the present study with an average coefficient of variation of 5%, set at 0.15, taking the sample with the lowest DNA index as the reference. A DNA index of 1.00 was always regarded as a separate stemline. In addition, for each case, the number of samples required to detect the highest DNA ploidy class (grouped as diploid versus aneuploid) with a certain probability was calculated. wax embedded blocks produced both DNA diploid and aneuploid histograms (fig 1) . Table  3 shows the number of tumour samples required to detect the highest DNA ploidy class (DNA aneuploidy when intra-tumour heterogeneity was present). When six samples were measured, the highest DNA ploidy class was detected in 71% of fresh frozen and 86% of paraffin wax embedded samples. Analysis of more than six samples did not improve the results obtained. In the artificially averaged DNA histograms, DNA aneuploidy was lost in 36% (five cases) of fresh frozen and 6% (one case) of paraffin wax embedded samples. Tables 4 and 5 show the number of stemlines detected, reflected by the first DNA index, in the different DNA histograms of each breast cancer, for the fresh frozen and paraffin wax embedded material, respectively. As our definition defines the first peak as the diploid GO/GI peak, the DNA diploid stemline was always present. There was naturally more stemline heterogeneity than DNA ploidy heterogeneity. The average number of stemlines per case was 2.6 for both fresh frozen and paraffin wax embedded material. On the artificially averaged DNA histograms, in 65% (11 cases) of the fresh frozen and 43% (nine cases) of the paraffin wax embedded samples, at least one of the stemlines present in the individual DNA histograms was lost.
Furthermore, on pooling the fresh frozen and paraffin wax embedded data, there were no significant correlations between the number of stemlines present or between tumour size and grade.
CELL CYCLE VARIABLES Tables 6 and 7 show the ranges of the cell cycle variables (% diploid cells, average %S phase fraction, average % aneuploid S phase fraction) of fresh frozen and paraffin wax embedded samples, respectively. In summary, all breast cancer cases showed high intra-tumour heterogeneity for these cell cycle variables. The widest range for per cent diploid cells was found for tumour 13 (8.8-100%), a fresh frozen sample, and tumour 6 (1.2-100%), a paraffin wax embedded sample (fig 2) .
With respect to average %S phase fraction, the fresh frozen material generally showed narrower ranges than the paraffin wax embedded material. The widest range for the fresh frozen samples was 9. In the present study, no significant correlations were found between the number of stemlines and intra-tumour variability of %S phase fraction on the one hand and tumour size and grade on the other, indicating that heterogeneity may also be present in small tumours.
Overall, intra-tumour heterogeneity for DNA ploidy, DNA index and %S phase 
